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ABSTRACT 


A  number  of  hf  transmitters  may  be  simultaneously  operated  into  a 
single,  broadband  antenna  through  the  use  of  filter  circuitry  to  prevent 
interaction.  Several  five-channel  multicouplers  have  recently  been  con¬ 
structed  by  the  Stanford  Radioscience  Laboratory  for  use  with  600-watt 
transmitters.  It  is  possible,  with  these  devices,  to  operate  adjacent 
transmitters  as  close  to  one  another  in  frequency  as  1  Me,  while  still 
obtaining  isolation  adequate  to  avoid  transmitter-tuning  interaction  or 
the  generation  of  undesirable  Intermodulation  products.  The  multicouplers 
employ  only  a  single  tuned  circuit  for  each  transmitter  and  the  tuning 
of  any  one  of  these  circuits  is  independent  of  the  rest.  Over-all  adjust¬ 
ment  is  thus  very  simple;  individual  transmitters  can  be  retuned  or  dis¬ 
connected  from  the  common  load  without  affecting  operation  of  the  others. 
Construction  of  higher-powered  versions  of  the  multicoupler  appears  per¬ 
fectly  practicable. 
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I.  HTRODUCTION 


In  order  to  take  advantage  of  the  broadband  characteristics  of 
three  large  rhombic  antennas  constructed  in  Okinawa  for  Project  Mlnlspot, 
multicouplers  were  constructed,  permitting  as  many  as  five  600-watt 
transmitters  to  operate  into  each  antenna.  The  requirements  for  such  a 
device  were:  l)  that  it  be  simply  tunable,  2)  that  it  provide  good 
isolation  between  adjacent  transmitters  operating  as  close  to  one 
another  as  1  Me,  3)  that  it  exhibit  low  insertion  loss,  and  4)  that  it 
present  the  common,  output-line  impedance  to  each  transmitter. 

An  attractive  and  straightforward  approach  to  multicoupler  design, 
that  of  simply  Interposing  a  separate  network  between  each  transmitter 
and  the  common  load,  was  suggested  by  Dr.  Robert  Tanner  of  TRG  West. 

The  network  is  designed  to  have  no  effect  at  the  transmitter  frequency, 
but  at  other  frequencies  it  presents  a  high  Impedance  to  the  common  load. 
A  series -resonant,  L-C  circuit  between  transmitter  and  load  Illustrates 
the  principle,  though  practical  limitation  of  available  components 
usually  dictates  a  more  complex  network. 
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II.  DESIGN  CONSIDERATIONS 


In  order  to  obtain  simplicity  of  tuning  it  was  decided  that  only 
one  tuned  circuit  per  channel  should  be  used.  The  configuration  chosen 
is  shown  in  Fig.  1.  A  further  simplification  was  achieved  by  making 
each  of  the  five  channels  identical  and  each  capable  of  operating  over 
6U1  octave  frequency  range  (the  nominal  range  of  an  antenna). 

The  insertion  loss  was  specified  to  be  less  than  1  db  because  of 
cooling  problems;  with  a  power  input  of  600  watts,  125  watts  would  be 
dissipated  in  the  tank  circuit.  If  one  assumes  an  unloaded-circult  Q 
of  500  (based  on  a  preliminary  experiment  to  determine  a  value  practi¬ 
cally  attainable  without  unusual  care  in  design  or  construction)  the 
loaded-filter  Q  is  defined  by  the  usual  relationship: 


Loss  (db)  =  20  log^Q 


(1) 


where  =  loaded  Q 

Si  =  unloaded  Q 

Either  Inductive  or  capacitive  coupling  into  the  tank  circuit  might 
have  been  used;  however,  the  variation  of  loaded  Q  with  frequency  is 
much  greater  with  capacitive  coupling  than  with  Inductive  coupling. 

Even  with  inductive  coupling  the  loaded  Q  varies  linearly  with  fre¬ 
quency;  however,  this  is  Just  the  behavior  desired  when  the  minimum 
transmitter  spacing  is  specified  as  a  fixed  number  of  cycles  (e.g.  1  Me). 
The  Q  over  each  octave  band  was  designed  to  vaxy  from  30  to  60,  satis¬ 
fying  Eq.  (l)  above,  as  well  as  providing  adequate  isolation  between  hf 
transmitters  separated  by  1  Me. 

To  evaluate  the  effect  of  the  m\ilticouplers  on  the  common  load 
Impedance,  refer  to  Fig.  2,  the  equivalent  circuit  of  the  multicoupler 
as  seen  by  one  transmitter  at  its  operating  frequency.  Each  transmitter 
and  filter  operate  into  the  common  load  Impedance  shunted  by  as  many  as 
four  Inductances,  the  output  coupling  colls  of  the  other  four  multi- 
coupler  networks.  These  colls  may  be  regarded  as  essentially  shunt 
circuits  to  ground,  because  of  the  small  impedance  represented  by  es.ch 
of  the  other  tuned  circuits  tuned  to  different  frequencies. 
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frequency 

C 

L 

L 

c 

5.5  -  n  Me 

25-500  pf 

2  fih 

8  -  16  Me 

25-500  pf 

0.8  lih 

13  ■  2«  Me 

25-500  pf 

0.3  fih 

3.3  f/h 

FIG.  1.  MULTICOUPI.ER  CIRCUIT  DIAGRAM. 


THESE  POINTS  GROUNDED  THROUGH 
SMALL  REACTANCE  OF  OFF-RESOHAHCE 
TUNED  CIRCUITS. 


FIG.  2.  KQUIVALENT  CIRCUIT  AS  SEEN  BY  ONE  TRANSMITTER. 


The  multlcouplers  were  to  be  used  with  Collins  type  30S-1  linear 
amplifiers,  which  require  an  output  load  of  'yO  ohms  with  less  than  a 
2:1  standing  wave  ratio.  Figure  3  shows  a  plot  as  a  function  of  fre¬ 
quency  of  the  corresponding  minimum  allowable  total  shunt  inductance 
across  the  load. 


FIG.  3.  SHUNT  INDUCTANCE  ACROSS  SO  OHMS  FOR  2:1  STANDING-WAVE  RATIO. 
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For  a  low-frequency  model,  (tuning  the  range  from  5.5  -  11  Me)  a 

coupling  inductance  of  l4  was  chosen.  Since  the  output  coils 

of  the  other  four  filters  ore  essentially  in  parallel  (and  are  not 

coupled  Inductively  to  one  another)  the  net  reactance  X  across  the 

load  due  to  these  four  inductances  is  X  =  /k.  For  the  coupling 

c 

inductance  of  the  low-frequency  model  the  total  shunting  Impedance  is 
equivalent  to  a  single  Inductance  of  3*5  Examination  of  Fig.  3 
shows  that  an  adequate  safety  margin  exists. 

Higher-frequency  models  will,  of  course,  require  less  coupling 
inductance,  as  well  as  revised  tuned-circuit  components.  A  table  of 
component  values  for  all  models  is  included  in  Fig.  1. 

As  an  aid  in  tuning  the  multlcounler,  a  pickup  loop  was  installed 
near  the  bottom  of  each  resonant  circuit.  Energy  from  this  pickup  was 
detected  by  a  simple  diode  circuit  whose  output  operates  the  0  -  1  ma 
meter  on  the  front  panel.  The  circuit  of  the  tuning  indicator  system 
is  shown  in  Fig.  4. 


1N34A  0.001  fif 


I  Ui.  4.  TUNING-INDICATOR  CIRCUIT  DIAGRAM. 
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III.  CONSTRUCTION  DETAIIS 


Fllv-ers  for  each  frequency  were  constructed  within  a  separate  sheet- 
metal  box.  Each  of  these  was  mounted  on  a  standard  lO^-by-19-ln.  rack- 
mounting  panel,  and  the  separate  units  were  Installed  on  enclosed  racks. 
Figure  5  shows  a  photograph  of  the  entire  assembly,  and  the  Interior 
view  of  one  of  the  filter  boxes  is  shown  in  Fig.  6. 

In  any  hlgh-Q  device,  attention  must  be  paid  to  obtaining  good  rf 
connections  between  the  various  components.  The  connection  between  the 
capacitor  and  the  box  is  excellent  because  of  the  flange  construct  of 
the  capacitor  mounting.  However,  in  testing  the  units,  it  was  found  that 
the  connections  between  the  large  coll  and  the  capacitor  flange  and 
between  the  coil  and  box  required  special  care.  Appreciable  differences 
in  insertion  loss  were  noticed  between  various  linlts,  and  these  could 
be  attributed  to  poor  connections  at  the  ends  of  the  large  coil. 

Referring  to  Fig.  6,  the  following  materials  were  used  in  the  fil¬ 
ter  construction.  The  tuning  capacitor  is  a  Jennings  type  UCS5OO  vacuum 
capacitor  rated  at  7500  volts.  The  coupling  coils  were  Illumltronic 
No.  2006  AIRDUX,  silver  plated;  this  coil  is  available  in  10-in.  lengths 
and  can  be  readily  cut  to  size.  The  main  coil  was  hand  wound  of  3/8-ln. 
copper  tubing  and  laterplated  with  0.001  in.  of  silver.  The  hairpin 
pickup  loop  for  the  tuning  indicator  was  made  of  I/6  in.  copper  tubing, 
also  silverplated.  Standoffs  were  of  j/8-in.  teflon  rod.  The  boxes 
were  fabricated  in  the  Stanford  Electronics  Laboratories  metal  shop. 
Forced-air  cooling  is  provided  by  a  Rotron  Corporation  Muffin  Fan  on 
the  right  side  of  the  box;  the  air  exhausts  through  the  screened  holes 
on  the  opposite  side.  A  panel  located  below  the  five  multicoupler 
boxes  provides  110-volt  power  distribution  for  the  fans. 

The  inputs  to  each  of  the  channels  are  type-N  panel  connectors. 

The  output  from  each  channel  is  connected  to  a  common  line  that  runs 
vertically  down  the  stack  of  multicoupler  boxes.  A  rectangular  trough 
is  used  to  protect  personnel  from  the  output  line  and  to  serve  an  an  rf 
shield  as  well.  Output  is  obtained  from  a  type-Lc  connector,  installed 
on  the  trough. 
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FIG.  S.  PHOTOGRAPH  OF  FIVF;-CHANNEL  MULTICOUPLER  FOR  8-16-Mc  RANGE. 
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FIG.  6.  PHOTOGRAPH  OF  MULTICOUPLER  UNIT  WITH  TOP  REMOVED. 


IV.  PERFORMAMCE 


The  complete  multicouplers  operate  very  much  as  predicted.  The 
measured  filter  Q  Increases  linearly  with  frequency  across  the  octave 
range  as  expected;  Fig.  7  shows  the  measured  Q  of  a  unit  for  the  low- 
frequency  band,  (5*5  -  H  Me).  The  measured  Insertion  loss  of  the  same 
unit  Is  shown  In  Fig.  8.  (The  unloaded  ’q  of  the  tuned  circuit  would 
be  about  700  at  8  Me.)  The  area  within  the  circle  on  the  Smith  Chart 
of  Fig.  9  shows  the  permissible  region  of  transmitter  operation  (a  VSWR 
of  less  than  2;l),  and  points  are  shown  corresponding  to  measured  stand¬ 
ing-wave  ratios  at  several  frequencies  throughout  its  range. 

The  multicouplers  have  performed  well  in  several  months'  service 
to  date.  The  only  problem  encountered  has  been  a  relatively  minor  one 
of  frequency  drift  with  heating — the  units  must  sometimes  be  retuned 
after  warmup  from  a  cold  start.  The  lack  of  mechanical  regidity  In  the 
tuned  circuit  (apparent  from  Fig.  6)  makes  this  behavior  readily  under¬ 
standable,  and  modifications  are  in  progress  to  Improve  the  situation. 

As  a  practical  matter,  even  the  present  drift  represents  only  a  minor 
nuisance,  since  the  transmitters  are  normally  run  continuously,  and 
retuning  after  breakdowns  Involves  turning  a  single  knob  to  peak  the 
meter. 

The  units  were  designed  for  a  power  level  of  about  600  watts,  and 
thus  far  they  have  not  been  tested  to  establish  a  maximum  rating.  They 
would  be  expected  to  operate  conservatively  up  to  perhaps  15OO  watts/ 
channel. 

Above  this  the  voltage  rating  of  the  input  (Type  N)  connector 
would  be  exceeded  at  a  VSWR  of  2:1.  Higher  power  units  could,  of  course, 
be  easily  constructed  with  appropriate  connector  (and  eventually  capaci¬ 
tor)  changes. 
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FIG.  7.  LOAOtD  Q  VS  FREQUENCY  FOR  LOW-FREQUENCY  MULTICOUPLER. 


FIG.  8.  INSERTION  LOSS  VS  FREQUENCY  PLOT  FOR  LOW-FREQUENCY 
MUI  TICOUPLER. 
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FIG.  9.  SMITH  CHART  IMPEDANCE  PLOT  FOR  LOW,FREQU ENCY  MULTICOUPLER. 
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Radio  Corp.  of  America 
Aerospace  Communications  & 

Control  Div. 

Burlington,  Mass. 

1  Attn:  Mr.  J.  Rubinovitz 

♦♦Inspector  of  Naval  Material 
1*95  Summer  St. 

Boston  10,  Mass. 


Raytheon  Company 

Communications  and  Data  Processing  Ops. 
li*15  Boston-Providence  Turnpike 
Norwood,  Mass. 

1  Attn;  L.C.  Edwards 

♦♦Resident  Naval  Inspector  of  Material 
Rayt.heon  Manufacturing  Co. 

Waltham,  Mass. 


« 


Stanford  Research  Institute 
Communications  &  Prop.,  Lab. 

Menlo  Park,  Calif . 

1  Attn:  Mr.  R.  Leadabrand 

Communications  &  Prop.  Lab. 
1  Attn:  Mr.  L.T.  Dolphin 

♦♦Conananding  Officer 

Office  of  Naval  Research 
Branch  Office 
1000  Geary  St. 

San  Francisco,  Calif. 


The  University  of  Michigan 
Research  Security  Office 
P.O.  Box  622 
Ann  Arbor,  Mich. 

1  Attn:  Ralph  E.  Hiatt 
Head,  Rad .  Lab . 

♦♦Office  of  Naval  Research 
Resident  Repr. 

Univ.  of  Mich. 

820  E.  Washington  St. 

Ann  Arbor,  Mich. 


The  University  of  Michigan 
Institute  of  Science  &  Technology 
P.O.  Box  618,  Ann  Arbor,  Mich. 

1  Attn:  BAMIRAC-ad 

♦♦Office  of  Naval  Research 
Resident  Repr. 

University  of  Michigan 
820  E.  Washington  St. 

Ann  Arbor,  Mich. 


Mass.  Institute  of  Technology 
Radio  Physics  Division 
Lincoln  Laboratory 
P.O.  Box  73 
Lexington  73>  Mass. 

1  Attn:  Dr.  John  V.  Harrington 
1  Attn:  Dr.  James  H.  Chisholm 

(Radio  Propagation  Group) 

1  Attn:  Mr.  Melvin  L.  Stone 

(Radio  Propagation  Group) 
♦♦Inspector  of  Naval  Material 
1-95  Summer  St. 

Boston  10,  Mass. 


Westlnghouse  Electric  Corp. 
Defense  Center-Baltimore 
Tech.  Info.  Center 
P.O.  Box  1693 
Baltimore  3,  Md. 

1  Attn:  Mr.  David  Fales 


RMS  Engineering,  Inc. 

P.O.  Box  6351,  Station  H 
Atlanta  8,  Ga. 

1  Attn;  Pi-of.  William  B.  Wrigley 
♦♦Contract  Administer 
Southeastern  Area 
Office  of  Naval  Research 
2110  G.  St.,  N.W. 
Washington  T,  D.C. 


Rand  Corporation 
1700  Main  St. 

Santa  Monica,  Calif 
1  Attn:  Dr.  Cullen  M.  Crain 

♦♦Inspector  of  Naval  Material 
929  S .  Broadway 
Los  Angeles  ly,  Calif. 
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Pickard  and  Burns,  Inc. 

103  Fourth  Ave. 

Waltham  'yk,  Maes. 

(Subsidiary  of  Gorham  Corp) 

1  Attn:  Dr.  J.C.  Wllliiuns 

** Inspector  of  NiivaL  Material 
^95  Summer  St. 

Boston  10,  Masi. 


University  of  California 
Berkeley  k,  Cal'.f. 

1  Attn:  Dr.  E.  Plnney 

••Office  of  Naval  R«  .search 
Branch  Office 
lOoO  Geary  St. 

San  Francisco  9,  C-illf. 


••"Texas  Technological  College 
Plectrlcal  Eng-neering  ijcut 
Lubbock,  Texas 

1  Attn:  Prof.  Harold  Spuhler 


General  Electric  Corp. 
Court  St. 

Syracuse,  N.Y. 

1  Attn:  Or.  G.H.  Mlllmui 


Battelle  Memorial  Institute 
‘jC)  King  Ave. 

C.ilumtus  1.  Ohio 
1  Attn:  Battelle  Defender 


DASA  Data  Center 
I i'j  State  St. 

Santa  Barbara,  Culif. 

1  Attn:  Mgr.,  Warren  W.  Clvn 


General  E)e''trlc  C'^. 

Heavy  Military  Division 
Court  Street  Plant 
Syracuse,  N.Y. 

1  Attn:  Dr.  Johr.  Cor.tas 
Bldg.  9,  Rom.  ?9 


•All  requests  for  this  report  shall  • 
approved  by  the  Office  of  Naval  Ref  ,  i,  ' 
(Code  U18),  0X1’ ord  6-i*476. 

••When  document  Is  classified,  send  a  ■  .. 
of  the  receipt  form  to  this  addrt;  -■  • 
•••Unclassified  reports  only. 


Diamond  Ordnance  Fuze  Uiboratorles 
Ccdnance  Corps 
Washington  2b,  D.C. 

1  Attn:  Mr.  Pervy  Grlffen  _ 
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